Organic light–emitting diodes — friend or foe?  by Szweda, Roy
*According to new market research from the Reed Electronics Research report Optoelectronics: A Strategic Study of the
Worldwide Semiconductor Optoelectronic Component Industry to 2008 (www.rer.co.uk), the total global market for semi-
conductor optoelectronic components was estimated to be US$9bn in 2003. Meanwhile, in 2005, materials and equip-
ment used in the manufacture of optoelectronic components exceeded $1bn for the first time. 
still discouraged on long-haul flights.Whatever
the case, the human interface remains the same,
and all include at least one display”.
Thanks to the display and the keypad, there are
already up to 20 LEDs per phone.The teenage
market is very important in this sector, so LEDs
form a key part in the product’s differentiation in
the market. Nearly every night, hundreds of
teenagers can be seen flashing their camera
phones at a pop concert while their heroes play
their guitars bathed in the light of a million
LEDs. In both respects, III-nitride compounds
form the ‘enabling technology’. However, OLEDs
may provide the next revolution.
The component industry is able to develop and
deploy each generation of LED rapidly, as
demanded by original equipment manufacturers
(OEMs) in the personal electronics industry.
A good example is the recently launched tri-
colour LED from Agilent.These have ‘serious’
applications, as well as making teenagers’ cell
phones yet more colourful; new handsets featur-
ing them will be in the shops in early 2006.
The OLED can already be found in large numbers
of personal electronics items. In handsets, for
example, there are many models available that
include OLED ‘sub-displays’ (see Figure 1).Thus,
OLEDs have already achieved the first goal in
their bid to become a major business sector.The
next stage of development is already underway,
as new models are being launched that have
OLED primary displays.An example is the
Samsung X120 (see Figure 2); in due course, this
is going to be followed by many other models
from all the major players.
Since their launch by Eastman Kodak just a few
years ago, OLEDs have needed to overcome sev-
eral technological shortcomings. Early on, quite a
few people had expected great things of Kodak’s
OLED technology.As usual, they were disappoint-
ed – any technology takes an irreducible amount
of time and effort to be expended before it can
carve a niche in the market. OLEDs did not really
make an impact until a couple of years ago,
when Kodak launched products with an OLED
display. Since then, more companies have made
their play, so these displays are now starting to
become commonplace.They have particular
application in portable consumer items such as
cameras and music players. For example, the
‘Bean’ MP3 player from Sony, one of the biggest
players in portable entertainment, owes its
styling and functionality to the OLED.
The year 2005 also saw one of the most impor-
tant limitations become history.The main reason
for the sea-change, as well as the commercial
debut of these and other products, is technology
related. It has a curious parallel to the situation
with LEDs many years ago.The capabilities of
OLEDs, like those of LEDs before them, were suf-
ficient for the task in the red and green regions
of the spectrum, but the blue region was delay-
ing development due to its lower practical life-
time of just 5000 hours at best. However, manu-
facturers have now increased the lifetime of blue
LEDs to be comparable with those of red and
green LEDs, i.e. about 20,000 hours.Also in 2005,
UK company CDT developed the first viable
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Organic light-emitting
diodes — friend or foe? 
The III-Vs industry has seen quite a lot of
progress in the past year. Both technology
and business have, on balance, had a good
2005. The market for light-emitting diodes
(LEDs) continues to expand. But some see
tougher times ahead. One technology
almost certain to impact III-V LEDs will be
organic LEDs (OLEDs).
Despite their similar names, III-V light-emitting
diode (LED) and organic light-emitting diode
(OLED) technologies have many differences.
They also have similarities. More importantly,
their fortunes are interlinked. Readers will be
aware of these, but opinions differ on how the
market could develop. In the worst-case 
scenario, the market for III-V LEDs may be wiped
out. However, given their importance in so many
fields, this is unlikely.A more reasonable 
expectation is coexistence, or even synergy,
between III-V and organic LEDs. In five years
time these technologies should have carved up
the market between them. Some companies will
have an interest in both, while many will contin-
ue to favour III-Vs rather than OLEDs.
“Today the high-brightness LED market is domi-
nated by backlighting of liquid crystal displays
(LCDs),” says Andrew Fletcher, the publisher of a
new report on optoelectronic components*.
“Thus the fortunes of the LED industry are con-
tingent on how the end-user market for displays
will evolve.”
Display spectrum
At one end of the sector are the small displays
for portable consumer items such as handsets,
PDAs, audio/video players, etc.“Here, the LED
backlight is king,” Fletcher adds.“At the other end
– TVs, monitors, etc – the III-V LED is just begin-
ning to make its mark. Importantly, OLED makers
have their eyes on both,and all points in between.”
It is the promise of huge markets such as these
(and others such as automotive, signage, general
illumination, etc) that is responsible for the
recent upsurge in LED manufacturing capacity.
Paul Hyland, CEO of AIXTRON, said lately that:
“The downturn in our compound semiconductor
equipment business was partially offset by our
new equipment business.There is no question
that compound semiconductors will be at the
forefront of key enabling technologies for the
foreseeable future. However, we are at a cross-
roads of several market dynamics. Once these
market adjustments have been made and the pre-
dicted new display backlighting, mobile phone
camera flash, and automotive applications begin
to emerge, we expect to see renewed growth
return.”
Industry-watchers point out that there are signs
that the installed manufacturing capacity may
already exceed supply. Difficulties exist that may
prevent the full deployment of total potential
capacity, so the problem may turn out to be
smaller than some fear.As in the days of the gold
rush, some of the best rewards are going to those
selling the picks and shovels rather than those
panning for the gold.
Portable electronics 
High on the seasonal gift list of many readers
will likely be a portable electronic gadget of
some kind or another.“The choice has never
been wider,” said one industry respondent.“Many
items are multi-purpose too. Convergence is a
buzzword helping to drive up sales – why carry
just a cell phone when you can have one to
entertain you too? One reason is that they are
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Figure 1. At the start of 2005, OLEDs accounted for about 25% of the total market for sub-
displays in cell phones, according to Strategy Analytics.
Figure 2. The Samsung X120,
the world's first cell phone
with an OLED primary display.
*According to new market research from the Reed Electronics Research report Optoelectronics: A Strategic Study of the
Worldwide Semiconductor Optoelectronic Component Industry to 2008 (www.rer.co.uk), the total global market for semi-
conductor optoelectronic components was estimated to be US$9bn in 2003. Meanwhile, in 2005, materials and equip-
ment used in the manufacture of optoelectronic components exceeded $1bn for the first time. 
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Figure 1. At the start of 2005, OLEDs accounted for about 25% of the total market for sub-
displays in cell phones, according to Strategy Analytics.
Figure 2. The Samsung X120,
the world's first cell phone
with an OLED primary display.
Future prospects
This speculative yearly review of one part of the
III-Vs business sounds a cautionary note. Long-
term market dominance for any component is an
unrealistic expectation. LEDs could be no excep-
tion. LEDs have been around for half a century
already and, as they say,‘rumours of their demise
have been greatly exaggerated’.
It is a good thing too, as it seems that only a
handful of III-V companies have taken any
action to make sure they gain a share of the
OLED market.A good example is AIXTRON
which, as part of its diversification, has struck
deals with leaders in new technologies such as
OLEDs.As a recent statement attests,AIXTRON
has already begun building up an impressive
customer base for its OLED deposition 
equipment.
The next half-decade should provide some inter-
esting subject matter for what will most likely be
an evolutionary rather than a revolutionary
change in display technologies. LEDs have the
multi-billion dollar general lighting market to
ensure future growth and build marketshare.
This will prove a lucrative consolation prize for
losing out to OLEDs in the market for portable
displays and maybe even full-size displays (see
panel, below) before the start of the new decade.
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long-life blue OLED.These now last 70,000
hours. So, with one of the last hurdles eliminat-
ed, it is no wonder that the market is confident
of progress.
This success could have a great impact on the 
III-V LED market, and not just in portable elec-
tronics. If all such displays switched to OLEDs,
then III-V LEDs could lose one of their key appli-
cations.This is unlikely to happen overnight, but
it is indicative of a long-standing trend.
‘LED-free’
“Handset manufacturers are obsessed with
increasing talk-time,” says Stuart Robinson, vice
president of the Handset Service at Strategy
Analytics.“They are determined to lower the
power consumption of every component in a
phone.This includes the III-V RF chips but most-
ly the display etc. Here is where OLEDs could
oust III-V LEDs.The stakes are high.There would
be quite some anticipation for a cell phone hav-
ing a couple of hours longer talk time while still
having a colour screen”, he adds.
“The LCD itself is a relatively low-power device,
but its backlight draws too much power: nearly
half the total for the phone. If the LED makers
can’t supply components with markedly better-
efficiency LEDs, then OEMs will design in other
display technologies.”
So, tomorrow’s viable technology is the OLED.
But it is unlikely to stop there, he adds.“Even
newer displays with very low power are immi-
nent. If displays such as those from Qualcomm
can reach commercial status, then OLEDs too
will have to move over.”
In March 2005, Qualcomm Inc., the name that is
most associated with CDMA digital wireless
technology, formed Qualcomm MEMS
Technologies Inc. (QMT) to better fulfil the
potential of its microelectromechanical system
(MEMS) iMoD display technology.“The conver-
gence of consumer electronics products, includ-
ing cameras, MP3 players, camcorders, GPS
receivers and game consoles, into wireless
devices is driving the increased adoption of 3G
CDMA,” says Dr Paul E. Jacobs of Qualcomm
Wireless & Internet Group.“The iMoD technolo-
gy fits Qualcomm’s overall strategy of rapidly
increasing the capability of wireless devices
while driving down cost, size and power con-
sumption.” iMod has adjustable microstructures
behind the screen surface that create colour.
Since the brightness of this display depends on
ambient light rather than a backlight etc, its
colours intensify outdoors. Because iMod does
not create its own light, it needs less power so,
in a handset etc, it can be switched on 
continuously.
The technology delivers bright, reflective 
displays that can operate over an extended 
temperature range. iMoD displays can be viewed
in bright sunlight and in a much wider array of
environments than displays based on other tech-
nologies.The significant reduction in power con-
sumption has the potential to extend the battery
life of a wide array of mobile products.The bad
news is that these technologies are also 
‘LED-free’.
In a flash
Nevertheless, LEDs are maintaining a substantial
hold on the handset market, thanks to other
developments.
To prove the point, in 2005 US companies
Agilent and Luxeon both announced special
new white LED variants to meet the demand for
flashes in handsets and digital still cameras.
The companies have introduced high-bright-
ness LEDs (HB-LEDs) that are designed specifi-
cally to provide the illumination required to
operate the automatic focus function of a digi-
tal still camera under low-light conditions.With
a typical light output of 18 candela,Agilent’s
ASMT-FJ10 is said to be the brightest auto-focus
LED on the market. Previously, cameras used
infrared (IR) LEDs as the light source for auto-
focusing under low-light conditions.This was
because only IR LEDs provided sufficient light
output for the application. Now, thanks to the
HB-LED, the same auto-focusing sensor can be
used under both low-light and ordinary condi-
tions, whereas IR LEDs require a separate sen-
sor.“Our advanced LED and packaging tech-
nologies has enabled us to compete in the 
very specialized auxiliary flash LED market,”
said Cheng Kai Chong of Agilent’s
Semiconductor Products Group.“Thanks to 
our innovation, design engineers can expect
system cost savings and better overall camera
performance.”
It should be noted that, long term, use of III-Vs
LEDs in the aforementioned keypad buttons
could also be under threat from OLEDs. If they
can be made bright enough, then printable illu-
minating panels could come onto the market
within the decade.
At the world's largest dis-
play industry event, Society
for Information Display
2005 last May, Samsung
Electronics announced the
successful development of
the world's first single-
sheet, 40-inch active-matrix
(AM) OLED for emissive flat-
panel TV applications. The
high-definition-compatible
OLED prototype has a wide-
screen format of 1280x800
pixels (WXGA) driven by an
amorphous silicon AM back-
plane to permit faster video
response times with low
power consumption. The
prototype display combines
all of the traditional fea-
tures of emissive OLED tech-
nology, including wide
viewing angle, thin package
size, no colour filter, and no
backlight, with the enor-
mous production infrastruc-
ture advantages of standard
amorphous silicon tech-
niques. Shattering tradition-
al AM OLED size limitations,
the new prototype offers: a
maximum screen brightness
of 600 nits; a black-and-
white contrast ratio of
5000:1; and a colour gamut
of 80%. The ultra-thin
shape of the panels will
allow future TV designers
to create TVs with a total
thickness of just 3cm or
less.
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